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Introduction

Nearly 30% of Japanese with hemophilia and other 
inherited bleeding disorders were infected with HIV-
1 through contaminated non-heated blood products 
in the early 1980s. As of May 2019, 716 Japanese 
hemophiliacs infected with HIV-1 were alive (1). 
Thanks to advances of HIV-1 treatment, the prognosis 
of Japanese hemophiliacs living with HIV-1 (JHLH) has 
improved dramatically in the past two decades (2). The 
cause of death in JHLH has changed from AIDS before 
2000 to other co-morbidities, such as non-AIDS defining 
malignancies (2,3). 
 Advances in the field of therapeutics, including blood 
clotting factor concentrates, and in the management 
of bleeding tendencies have dramatically improved 
the prognosis of hemophiliacs (4,5), resulting in 
enhancements in life expectancy. Consequently, the 
proportion of hemophiliacs with coronary risk factors, 

such as hypertension, diabetes, and dyslipidemia for 
lifestyle-related diseases increases with age (6). In this 
regard, it is well known that prolonged exposure to HIV 
infection increases the risk of ischemic heart disease 
and the use of anti-HIV drugs, particularly protease 
inhibitors, causes dyslipidemia that increases the risk of 
coronary artery disease (CAD) (7,8). Therefore, JHLH 
survivors are at high risk of CAD associated with aging, 
long-term exposure to HIV-1 itself, use of protease 
inhibitors for HIV-1, and improvement in bleeding 
tendency. 
 Coagulation abnormalities are considered less 
common as the cause of CAD in hemophiliacs (9,10). 
Therefore, physicians have focused on prevention 
of bleeding, rather than infarction, in these patients. 
However, in 2018, we encountered a 61-year-old JHLH 
with subacute myocardial infarction. The diagnosis was 
difficult and required longer time than usual due to ill-
defined and scarce clinical features. The patient had 
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severe joint deformities related to frequent bleeding, 
which restricted exercise and limited daily activities, 
and masked the chest symptoms, and ultimately caused 
delays in the diagnosis. The case prompted us to screen 
CAD in the JHLH population. 
 The purpose of this study was to determine the 
prevalence of coronary artery stenosis and establish non-
invasive screening methods for early detection of CAD 
in JHLH.

Methods

Patients

This prospective study included all JHLH individuals 
who visited AIDS Clinical Center (ACC), National 
Center for Global Health and Medicine (NCGM), Tokyo, 
and had coronary computed-tomography angiography 
(CCTA) between January through December 2019. 

Data collection

Patients' demographics and CAD risk factors, including 
age, height, weight, body mass index (BMI), history 
of hypertension, diabetes mellitus, dyslipidemia, used 
medications, smoking, alcohol drinking, cardiovascular 
diseases, and allergy, in addition to family history, were 
collected. Blood tests included hemoglobin A1c, LDL-
cholesterol, HDL-cholesterol, creatinine, hemoglobin, 
CD4 counts, plasma HIV-RNA, D-dimer, and brain 
natriuretic peptide (BNP). Furthermore, information 
on nadir CD4 counts, use of blood products and 
severity of hemophilia, and period of use of protease 
inhibitors were collected by the medical records. 
Electrocardiography, echocardiography, and pulse 
wave velocity (PWV) (Omron Healthcare, Kyoto, 
Japan) were also performed in each patient and age-
average data of PWV was referred to a Japanese survey 
(11). The presence of pleural effusion and calculated 
cardio thoracic ratio were checked on the chest X-ray. 
Coronary artery calcium score (CACS) was weighted 
by CT value as was the cross-sectional area according 
to Agatston et al. (12). In this study, CACS was 
classified into no calcification (score = 0), minimal risk 
(score: 1-10), low risk (score: 11-100), moderate risk 
(score: 101-400), and high risk (score: > 400) (13,14). 
Patients considered to have no severe renal dysfunction 
or allergy to the contrast agent underwent CCTA 
with 320-row multidetector computed tomography 
angiography (Aquilion ONE, Canon Medical System, 
Otawara, Japan). Based on CCTA image analysis, 
coronary artery stenosis was classified as mild stenosis 
(< 50% stenosis in the vessel area, non-CAD group), 
moderate stenosis (50 to 75% stenosis), and severe 
stenosis (> 75% stenosis). In this study, the CAD 
group included patients with moderate to severe CAS. 
Coronary angiography (CAG) was recommended to all 

patients with moderate to severe stenosis, as defined by 
CCTA. 

Statistics analysis

The above investigations were used to define the 
presence or absence of coronary artery stenosis and 
risks of CAD in the cohort. Differences in categorical 
variables between the groups were checked using the 
Pearson's chi-square test, while those in continuous 
variables were examined by the Mann-Whitney U test. 
Differences in the incidence of moderate to severe 
stenosis evaluated by coronary CT and absolute values of 
PWV and CACS were examined by the Mann-Whitney 
U test. All statistical analyses were performed using the 
Statistical Package for Social Sciences (SPSS, SPSS Inc., 
Chicago, IL).

Ethics statement 

The study protocol was reviewed and approved 
b y  t h e  h u m a n  e t h i c s  c o m m i t t e e  o f  N C G M 
(#NCGM-G-003086-00) on November 26, 2018. 
A written informed consent was obtained from all 
participants at study entry in accordance with the 
Declaration of Helsinki. This study was registered 
with the University Hospital Medical Information 
Network Clinical Trial Registry (Registry number 
#UMIN000035307).

Results

A total of 76 (10.6%) patients visited ACC out of the 
716 registered JHLH. All patients were males, including 
a single patient with von-Willebrand disease. The patient 
selection process is outlined in Figure 1. Nineteen 
patients were excluded from the study for a variety of 
reasons, including unwillingness to participation (n = 4), 
ineligibility for participation (e.g., coexisting psychiatric 
diseases, n = 5), renal dysfunction (n = 5), allergy to 
iodine (n = 3), and past history of CAD (n = 2, one with 
myocardial infarction, aged 61 years, and another with 
angina pectoris, aged 44 years). Thus, 57 patients were 
enrolled in this study and each underwent CCTA during 
the study period. Among the 57 patients, only 5 had 
complained of chest symptoms. Table 1 summarizes the 
patients' characteristics. The median age was 47 years 
(interquartile range (IQR): 44-55 years). HIV-1 viral load 
(VL) was suppressed undetectable level in all patients 
except one whose VL was 51 copies/mL. The median 
duration of undetectable VL was 16 years (IQR: 12-18 
years). Although their nadir CD4 counts were low, the 
current median CD4 count was 457/μL (IQR: 370-627/
μL). Above all, HIV-1 infection was very well controlled 
in all patients. Most patients (86.0%) had been treated 
with protease inhibitors for the median period of 10 years 
(IQR: 4-16 years) and 77.2 % treated with d-drug (any 
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smoking history, hypertension, diabetes mellitus, and 
dyslipidemia, were not significantly different between 
the CAD and non-CAD groups (Table 1). Although 
the prevalence of CAD was higher in patients aged 
more than 40 years (33.3%) than in those less than 40 
(18.2%), both age groups included a substantial number 
of patients with moderate to severe CAS (Figure 2). 
Electrocardiography, echocardiography, and chest 
radiography had no diagnostic values in all patients. 
 The PWV was above that of the age-matched 

of ddI, ddC and d4T) for the median duration of 6 years 
(IQR: 1-9 years). The prevalence of hypertension was 
42.1%, diabetes mellitus 14.0%, dyslipidemia 38.6%, 
smoking history 52.6%, and current smoker 19.3%. The 
median SUITA score that is a predictive score of a 10-
year risk of coronary heart disease (CHD) in Japanese 
(15) was 41 (IQR: 33-46).
 CCTA showed moderate to severe coronary artery 
stenosis (CAS) in 14 out of 57 patients (24.6%). 
The classical risk factors of CAD, including age, 
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Figure 1. Study protocol and patient selection. Patients with moderate to severe CAS based on CCTA were classified into 
the CAD group and mild or no CAS as the non-CAD group. ACC, AIDS Clinical Center; CAS, coronary artery stenosis; CAD, 
coronary artery disease; CCTA, coronary computed tomography angiography; CAG, coronary angiography; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass grafting.

Table 1. Patient demographics and comparison of variables with and without CAD by CCTA

Demographics and variables

Age, median year (IQR)
BMI kg/m2, median (IQR)
Hemophilia A, n (%)
Hemophilia B, n (%)
von Willebrand Disease, n (%)
Nadir CD4/μL, median (IQR)
Current CD4/μL, median (IQR)
Duration of undetectable VL, median year (IQR)
PI use, median year (IQR)
d-drug use, median year (IQR)
Smoking history, n (%)
Current smoker, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidemia, n (%)
SUITA score, median (IQR)
PWV cm/sec, median (IQR)
CACS, median (IQR)

      All (n = 57)

     47 (44-55)
     23 (22-25)
     46 (80.7)
     10 (17.5)
       1 (1.8)
   129 (59-169)
   457 (370-627)
     16 (12-18)
     10 (3-17) 
       6 (1-9)
     30 (52.6)
     11 (19.3)
     24 (42.1)
       8 (14.0)
     22 (38.6)
     41 (33-46)
1,527 (1,404-1,657) 
       0 (0-27)

   CAD (n = 14)

     55 (47-59)
     22 (20-27)
       9 (20)
       5 (50)
       -
   108 (12-177)
   452 (370-610)
     16 (12-18)
     14 (3-18)
       5 (1-8)
       7 (50.0)
       3 (21.4)
       7 (50.0)
       4 (28.6)
       6 (42.9)
     38 (33-44)
1,615 (1,417-1,798)
   111 (29-593)

CAD, coronary artery disease; CCTA, coronary computed-tomography angiography; n, number of patients; IQR, interquartile range; BMI, body mass 
index; VL, plasma viral load; PI, protease inhibitor; d-drug, any of ddI, ddC and d4T; PWV, pulse wave velocity; CACS, coronary artery calcium 
score.

Non-CAD (n = 43)

     47 (44-52)
     23 (22-25)
     37 (80)
       5 (50)
       1
   130 (69-168)
   567 (375-690)
     16 (12-18)
     10 (4-16)
       7 (12-18)
     23 (53.5)
       8 (18.6)
     17 (39.5)
       4 (9.3)
     16 (37.2)
     44 (40-58)
1,464 (1,336-1,599)
       0 (0-7)

          p

0.089
0.204
0.073
0.044

0.207
0.305
0.566
0.362
0.074
0.878
0.875
0.491
0.071
0.826
0.019
0.016

< 0.001
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average +1SD and +2SD in 42 (73.7%) and 25 patients 
(43.9%), respectively (Figure 3). Furthermore, analysis 
of the CCTA of patients with +2SD PWV (n = 25), 
showed 10 (40.0%) of these patients had moderate to 
severe CAS. The finding that the PWV of JHLH was 
higher than that of the general population in almost all 
cases was surprising. Furthermore, the absolute values 
PWV highlighted the presence of significant difference 
between the CAD and non-CAD groups (p = 0.016). 
In addition to PWV, the absolute values of CACS were 
significantly higher in the CAD group than in the non-
CAD group (p < 0.001) (Table 1, Figure 4). CACS 
values were more than 100 in 8 patients and all these 
patients except one had moderate to severe CAS. In 

www.globalhealthmedicine.com

Figure 2. Prevalence of coronary artery stenosis by age. 
Coronary artery stenosis was diagnosed by coronary computed 
tomography angiography.

Figure 3. Pulse wave velocity, age, and coronary artery stenosis diagnosed by CCTA. Mild or no stenosis was diagnosed by CCTA. 
Moderate or severe stenosis was diagnosed by coronary angiography. CAS, coronary artery stenosis; CCTA, coronary computed 
tomography angiography; CACS, coronary artery calcium score.

Figure 4. Coronary artery stenosis and risk of ischemic heart disease categorized by CCTA. Mild or no stenosis was 
diagnosed by CCTA. Moderate or severe stenosis was diagnosed by coronary angiography. (See Figure 3 for abbreviations)
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these 7 patients with severe coronary artery stenosis, 
CACS was less than 100 in 3 patients (values: 92, 0, 
0). However, the PWV values of these 3 patients were 
above +2SD. These results indicate that the combination 
of PWV and CACS can better predict CAD than either 
parameter alone.
 Among the 14 patients diagnosed with moderate 
to severe CAS based on CCTA, 12 agreed to undergo 
CAG (Figure 1). CAG confirmed the presence of 
severe stenosis in 7 patients, requiring multivessel 
revascularization. Among the 7 patients, only 2 had 
complained of chest symptoms related to CAD. Of the 
7-CAG confirmed patients, 5 subsequently underwent 
percutaneous coronary intervention (PCI) and one 
received coronary artery bypass grafting (CABG). The 
other one patient refused to undergo PCI due to fear of 
bleeding while under dual antiplatelet therapy and was 
accordingly treated by medications only.

Discussion

We conducted a prospective screening study for CAD 
in JHLH and found CAS in almost 25% of the cohort. 
Moreover, the prevalence of severe CAS confirmed 
by CAG was 12.3% in those JHLH patients with a 
median age of 47 years. It is noteworthy that only two 
patients had experienced chest symptoms, probably due 
to low physical activity. The prevalence of CAS was 
unexpectedly higher than in the general population, 
although the exact CAS prevalence in the general 
population is difficult to estimate. With regard to the 
prevalence of myocardial infarction in Japanese men, 
the available data in the 1990s showed a rate of 100.7 
per 100,000 person/year (16). In our study, the identified 
7 patients required early revascularization due to the 
severity of CAS. 
 The current guidelines for the clinical management 
of hemophiliacs do not mention the prevention of 
CAD (17). Recent years have seen emphasis on the 
control of cardiovascular risks in these patients (18) and 
establishment of screening methods for CAD is also 
important. The currently identified classical risk factors 
of CAD, such as age, smoking history, hypertension, 
diabetes mellitus, dyslipidemia, and the SUITA score 
are definitely useful for the prediction of CAD in the 
general population. However, their importance could 
not be established in the present study. According to the 
SUITA score, a 10-year probability of CAD would be 
only 2% and the score was too low to compare in this 
patient population. It is possible that other risk factors 
may override the classical risk factors in this unique 
population of HIV-1 infection and hemophilia. 
 In this study, HIV-1 infection of all patients has 
been very well controlled in terms of CD4 counts and 
VL for more than the past decade. However, Japanese 
hemophiliacs were infected with HIV-1 around 1983 (2). 
Before the highly active antiretroviral therapy became 

available in Japan in 1997, JHLH survivors were exposed 
for 14 years to high plasma viral loads. The impact 
of HIV-1 on cardiovascular diseases (CVD) has been 
documented in a randomized study in which anti-HIV-1 
therapy was either interrupted or tailored according to 
CD4 count (19). In this study, patients of the interrupted 
group had significantly higher CVD events due to high 
peripheral blood levels of proinflammatory cytokines and 
endovascular thrombosis (20), and the control of plasma 
viral load reduced markers of endothelial and coagulation 
activation (21). These results indicate the reversibility 
of hypercoagulability and endovascular reactivity. 
However, while this is true for short-term endothelial 
and coagulation dysfunctions, there were no evidence for 
the same during long-term exposure to high viral load 
like in the Japanese hemophiliacs. In addition to HIV-
1 itself, the 10-year use of protease inhibitors in JHLH 
patients carried the risk of development of dyslipidemia. 
In this regard, Friis-Moller et al. (22) demonstrated that 
long term use of protease inhibitors increased the risk of 
myocardial infarction. 
 We have witnessed lessening of bleeding in 
hemophiliac patients in this decade thanks to new and 
improvement in anti-coagulation therapy. The current 
treatment regimens include regular injections of factor 
VIII or IX two-to-three times per week. The prophylactic 
use of coagulation factors has kept the incidence of 
CVD in hemophiliacs at levels similar to that in the 
normal population, with lower mortality, according to 
a report from Sweden (9). Wang et al. (23) studied the 
prevalence and risk factors of atherothrombotic events 
in 1,054 hemophiliacs and reported that such events 
occurred in younger hemophiliacs (mean age 49 years) 
compared with the general population (55.8 years). The 
prevalence in hemophiliacs was also comparable to 
that of the general population in this study. In contrast, 
Sharathkumar et al. (24) reported double the CVD rate 
found in the general population in their hemophiliacs 
from a single hemophilia center in the United States. 
Since the pathophysiology of CVD is closely related 
to hypercoagulability, the effects of long-term use of 
coagulant factors on atherosclerosis in hemophiliacs need 
to be analyzed in future studies.
 The main finding of this study was the high rate 
of CAS, which is probably related to atherosclerosis. 
Evidence indicates that high PWV value is a marker 
of advanced atherosclerosis. In this study, the majority 
of JHLH patients had high PWV values. A high PWV 
value is usually caused by high blood pressure and 
peripheral artery disease, though neither was detected at 
the time of PWV measurement in this study. Importantly, 
atherosclerosis develops earlier in JHLH patients, 
compared with that in age-matched general population. 
The importance of high PWV is based on the fact that it 
correlates with coronary artery calcification (25,26) and 
CVD (27-29) in the general population.
 Our results showed that the absolute values of PWV 
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were significantly different between patients of the 
moderate to severe CAS group and those of the mild to 
normal coronary artery group. Furthermore, the PWVs 
of all 14 patients with moderate to severe CAS were 
higher than those of the age average +1SD (Figure 3). 
Exercise stress test with ECG monitoring is usually used 
for assessment of CAD, however, this test is not suitable 
for at least some hemophiliacs due to the associated 
joint deformities. For such cases, PWV can be a useful 
screening test for CAD in JHLH especially as it is a 
non-invasive test. We also used another index to assess 
CAD in our patients, the absolute values of CACS were 
significantly higher in the CAD groups than the non-
CAD group (Figure 4). For screening patients for CAD 
using CACS, it can be calculated on the CT scan without 
contrast agent. Thus, the use of CACS for CAD in JHLH 
can be also useful as a screening tool, although score 
zero does not mean no risk of CAD. In summary, we 
recommend the combination of PWV and CACS for 
early detection of CAD in hemophiliacs living with HIV-
1 based on their high diagnostic value. Further large-
scale studies are needed to establish the diagnostic values 
of these indexes in JHLH. 
 In spite of the above strengths, our study has 
certain limitations. First, the number of participants 
was not sufficient enough to demonstrate the statistical 
significance of the classical risk factors of CAD. 
However, around 10% of the current JHLH were 
included in this study. A larger study of JHLH should 
be performed to assess the significance of the classical 
risk factors. Second, our study demonstrated extremely 
high prevalence of CAS, high PWV and CACS values 
in JHLH, but the study did not include a control group. 
Therefore, the reasons for the high values and the factors 
that contributed to such high prevalence of CAD remain 
unclear. Further studies involving hemophiliacs free of 
HIV-1 infection and non-hemophiliacs who have been on 
long-term treatment for HIV-1 could provide answers to 
these questions. 
 In conclusion, we have demonstrated in the present 
study a high prevalence of severe CAD in a sample of 
JHLH community. We strongly recommend screening 
of hemophiliacs living with HIV-1 for CAD, with the 
combination of PWV and CACS, regardless of presence 
or absence of chest symptoms.
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